This study sought to assess the relationship between serum concentrations of the soluble ST2 (sST2) and B-type natriuretic peptide (BNP) and investigate the role of sST2 as a prognosticator in patients hospitalized with acute heart failure (HF) and renal insufficiency. sST2 was measured at admission and discharge in 66 patients hospitalized with acute decompensated HF and renal insufficiency (estimated glomerular filtration rate [eGFR] < 90 mL/min/1.73 m 2 ) using a high sensitivity immunoassay. BNP was sampled at the same time and compared to sST2. Demographical, biochemical, and echocardiographic data were also obtained during hospitalization.There were positive correlations between sST2 and BNP levels at admission (r = 0.330, P = 0.007) and at discharge (r = 0.320, P = 0.009) in overall patients. However, there was no correlation between them at each timepoint in patients with severe renal insufficiency (eGFR < 30 mL/min/1.73 m 2 , n = 17). sST2 level was not changed with the degree of renal function, even though BNP level was much higher in patients with severe renal insufficiency. During 3 month follow-up, 9 (13.6%) died and 16 (24.2%) were readmitted due to HF aggravation.On multivariate analysis, sST2 at discharge was independently associated with death or HF readmission during 3 months after discharge (hazard ratio, 1.038; 95% confidence interval, 1.011-1.066, P = 0.006).
INTRODUCTION
B-type natriuretic peptide (BNP) has been used for risk stratification and prognosis prediction in heart failure (HF) patients. However, the role of BNP seems to be in doubt in patients with renal insufficiency. It is cleared by receptor-mediated proteolysis, enzymatic digestion by neutral endopeptidases, and passive excretion,all of which are affected by renal function (1, 2). Therefore, plasma BNP concentration is elevated in patients with reduced estimated glomerular filtration rate (eGFR) (3, 4) . Nonetheless, recent studies have suggested that BNP is also a valuable diagnostic and prognostic biomarker in HF patients with renal insufficiency, just requiring higher diagnostic cut-offs (3, 5) . However, there are some risks for confounding effect of BNP in renal insufficiency patients because it may be affected by volume expansion due to renal dysfunction or associated left ventricular (LV) hypertrophy and silent coronary artery disease in which BNP may be elevated (4, 6) . Moreover, high concentrations of BNP imply great differences of values according to the changes of clinical situation. Thus, there has been a hurdle of using BNP as a biomarker in real world HF patients with renal insufficiency.
ST2 is a member of interleukin (IL)-1 receptor family and functions as a decoy receptor of IL-33 which has a role in ameliorating myocardial hypertrophy and fibrosis in response to cardiovascular stretch (7, 8) . ST2 has two isoforms, a transmembrane and a soluble form, and the latter is known to be a biomarker in several cardiovascular diseases including HF (9, 10) . The expression of soluble ST2 (sST2) is regulated by immune inflammatory processes. However, it is not certain whether the level of sST2 might be influenced by renal function. Recent study revealed that sST2 was valuable as a prognostic marker in chronic HF patients with renal insufficiency (11) . However, there are few data about the role of sST2 as a predictor of poor prognosis in acute HF patients with impaired renal function. The purpose of this study was to investigate whether sST2 might be correlated with BNP according to renal function and it might be helpful to predict future clinical outcomes compared with BNP in patients hospitalized with acute decompensated HF and renal insufficiency.
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MATERIALS AND METHODS

Study population
From March 2013 and January 2014, 77 patients aged over 18 yr and hospitalized with acute decompensated HF were enrolled at theAsan Medical Center in Seoul, Korea. Among them, patients with renal insufficiency (eGFR < 90 mL/min/1.73 m 2 ) were included. Patients with end-stage renal disease who required renal replacement therapy were excluded from the study. In addition, patients with rheumatic disease or systemic or localizedinfection were excluded. Finally, a total of 66 patients were analyzed in this study. Demographical, biochemical, and echocardiographic data were obtained during hospitalization. All patients were followed up at least 3 months after discharge.
The measurement of sST2 and BNP levels Blood samples were collected within 24 hr after admission and before discharge in EDTA-containing tubes. sST2 and BNP levels were analyzed from the same blood sample. sST2 serum concentrations were measured from samples using a high-sensitivity sandwich monoclonal immunoassay (Presage sST2 assay; Critical Diagnostics, San Diego, CA, USA). The antibodies used in the Presage assay were generated from recombinantprotein based on the human cDNA clone for the completesoluble sST2 sequence. BNP serum concentrations were determin ed using a high-throughput system (ADVIA Centaur CP immunoassay; Siemens Medical Solution Diagnostics, Tarrytown, NY, USA). 
Assessment of kidney function
Statistical analysis
All values are expressed as mean ± standarddeviation (continuous variables) or as counts and percentages (categorical variables). Continuous variables were compared using thettest or the Mann Whitney U test, and categorical variables were compared using chi-square statistics or Fisher's exact tests. Correlations between sST2 levels and BNP levels at the same timepoints were performed using Pearson's correlation coefficient.
Univariate analysis of the risk factors associated with the development of death or HF readmission within 3 months after hospital discharge was performed using the chi-square statistic and estimates of hazard ratios (HRs) with their 95% confidence intervals (CIs). Multivariate analysis was performed to evaluate the independent risk factors associated with the development of the events and using logistic regression analysis for the dichotomous dependent variables. Forward conditional method was selected for this model. The entry criterion used for the multivariate analysis was P < 0.10 as determined by univariate analysis. Receiver operating characteristic (ROC) analyses were also performed to assess optimal sST2 cut points. P values less than 0.05 were considered to indicate statistical significance. All statistical analyses were performed using the SPSS version 17.0 (SPSS Inc., Chicago, IL, USA).
Ethics statement
Patients signed written informed consent before being included, and the study was approved by the institutional review board of the Asan Medical Center (IRB No. 2013-0308).
RESULTS
Baseline characteristics of the study population A total of 66 patients were enrolled and analyzed. Forty patients were males with a mean age of 66.9 ± 15.0 yr (range: 18-89 yr). LV ejection fraction (EF) at enrollment was 27.5 ± 8.8% and mean eGFR was 46.9 ± 25.1 mL/min/1.73 m 2 . Seventeen patients (25.8%) had severe renal insufficiency, while 26 patients (39.4%) had moderate renal insufficiency and 23 patients (34.8%) had mild renal insufficiency at admission. The comparisons of baseline characteristics of all patients stratified by renal function are shown in Table 1 . Patients with mild renal insufficiency had younger age (68.4 ± 13.4 yr vs. 72.1 ± 8.7 yr vs. 59.9 ± 19.1 yr, P = 0.014 for severe vs. moderate vs. mild renal insufficiency) and lower incidence of diabetes (52.9% vs. 57.7% vs. 17.4%, P = 0.010) and patients with severe renal insufficiency had lower hemoglobin levels (10.8 ± 2.7g/dL vs. 12.3 ± 2.4g/dL vs. 13.4 ± 2.5 g/dL, P = 0.006).
The levels of BNP and sST2 at admission and at discharge according to the degree of renal function The level of BNP at admission showed a trend toward high concentration in patients with severe renal insufficiency compared to mild or moderate renal insufficiency, which did not achieve statistical difference (Fig. 1A, 2 ,341.9 ± 1,664.8 pg/mL vs. 1,645.6 ± 1,479.5 pg/mL vs. 1,416.4 ± 898.8 pg/mL, P = 0.102 for severe vs. moderate vs. mild renal insufficiency). BNP at discharge was much higher in patients with severe renal insufficiency (Fig. 1B,  1 ,136.6 ± 654.8 pg/mL vs. 768.1 ± 782.2 pg/mL vs. 472.0 ± 350.5 pg/mL, P = 0.007 for severe vs. moderate vs. mild renal insufficiency). However, the level of sST2 was not changed with the degree of renal dysfunction ( Values represent the number (percentages) or mean ± standard deviation.eGFR, estimated glomerular filtration rate;NYHA, New York Heart Association; LV ESD/EDD, left ventricular end-systolic/diastolic dimension; EF, Ejection fraction; BUN, Blood urea nitrogen. 30.5 ng/mL, P = 0.478). In addition, there was no relationship between sST2 level and eGFR (r = -0.140, P = 0.262 for admission: r = -0.109, P = 0.383 for discharge).
Relationship between sST2 and BNP according to the degree of renal function There were mild correlations between sST2 and BNP at admission (r = 0.330, P = 0.007) and at discharge (r = 0.320, P = 0.009) in total patients (Fig. 2) . In addition, there was mild correlation between them in patients with mild to moderate renal insufficiency (eGFR in 89-30 mL/min/1.73 m 2 , n = 49: r = 0.390, P = 0.006 for admission: r = 0.367, P = 0.029 for discharge). However, there was no correlation between them at each timepoint in patients with severe renal insufficiency (eGFR < 30 mL/min/1.73 m 2 , n = 17).
Association between sST2 and other clinical parameters
There was no correlation between sST2 and age (r = -0.052, P = 0.679 for admission: r = 0.083, P = 0.507 for discharge). Moreover, there was no correlation between sST2 and body mass index (r = -0.060, P = 0.640 for admission: r = 0.054, P = 0.674 for discharge). In addition, there was no difference in the level of sST2 at admission according to sex (89.2 ± 63.9 ng/mL vs. 99.8 ± 85.8 ng/mL, P = 0.591 for male vs. female). However, male Fig. 2 . Correlations between sST2 and BNP levels. The correlations between sST2 and BNP levels at admission (A) and at discharge (B) in total patients (n = 66). The correlation between sST2 and BNP levels at admission (C) and at discharge (D) in acute HF patients with mild to moderate renal insufficiency (n = 49). The correlation between sST2 and BNP levels at admission (E) and at discharge (F) in acute HF patients with severe renal insufficiency (n = 17). patients showed higher sST2 level at discharge than female patients (47.5 ± 30.3 ng/mL vs. 33.7 ± 20.5 ng/mL, P = 0.031 for male vs. female). There were no differences in the level of sST2 at admission (117. sST2 as a prognostic indicator During 3 month follow-up, 9 patients (13.6%) died due to cardiac cause and 16 patients (24.2%) were readmitted due to HF aggravation. According to the degree of renal function, 2 patients (11.8%), 7 patients (26.9%), and no patient (0%) died in severe, moderate, and mild renal insufficiency group, respectively. In addition, 7 patients (41.2%), 5 patients (19.2%), and 4 patients (17.4%) were readmitted due to HF aggravation in severe, moderate, and mild renal insufficiency group, respectively. The results of the univariate analysis showed that BNP at discharge, sST2 at discharge, eGFR, serum creatinine, blood urea nitrogen, and hemoglobin level were significantly associated with the development of death or HF readmission within 3 months after hospital discharge (Table 2) . Delta-sST2 and delta-BNP (delta means the value at admission minus the value at discharge) were not related to the development of events. On multivariate analysis, sST2 at discharge and hemoglobin levels were independently associated with death or HF readmission during 3 months after discharge (HR, 1.038; 95% CI, 1.011-1.066, P = 0.006 for sST2 at discharge: HR, 0.723; 95% CI, 0.550-0.951, P = 0.020 for hemoglobin). ROC analysis showed that the best cut-off value of sST2 at discharge for predicting death or HF readmission was 34.1 ng/mL, which showed a sensitivity of 75% and a specificity of 65% (Fig. 3) . When the area under curves of sST2 and BNP at admission and at discharge were compared, sST2 at discharge was superior to other variables to predict outcomes ( Table 3 ). However, net reclassification improvement did not improve when sST2 at discharge was added to the model including BNP at discharge (95% CI -0.097-0.861, P = 0.118 for risk as a continuous variable: 95% CI -0.120-0.513, P = 0.069 for risk as a categorical variable).
DISCUSSION
In the present study, sST2 levels were not significantly changed according to the degree of renal dysfunction compared with BNP levels. In addition, sST2 levels were correlated with BNP levels with acute HF patients with mild to moderate renal insufficiency, not with severe renal insufficiency. These findings raised the questions whether sST2 might be superior to BNP in predicting prognosis in patients hospitalized with acute decompensated HF and severe renal insufficiency. Our result showed that sST2 at discharge was independently associated with the Table 3 . The area under curves of ST2 and BNP at admission and at discharge to predict death or heart failure readmission within 3 months after hospital discharge AUC, Area under curve; CI,Confidence interval; Delta-sST2, sST2 at admission minus sST2 at discharge; Delta-BNP, BNP at admission minus BNP at discharge. Fig. 3 . The receiver operating characteristic curve in assessing the diagnostic accuracy of sST2 at discharge for death or heart failure readmission within 3 months after hospital discharge.
Sensitivity (%)
100%-Specificity% development of death or HF readmission within 3 months after hospital discharge. Measurement of BNP levels has been used to establish a diagnosis of HF, especially in an uncertain situation, and determine the level of disease severity in the context of hospitalization with acute decompensated HF (12) . However, the elevated plasma levels of BNP have been known to be associated with various cardiac and noncardiac causes. Among them, the change of renal function has been known as one of the confounding factors. Considering the physiological mechanism of BNP clearance, it may be an inevitable result that BNP levels were changed in accordance with renal insufficiency (13) . In particular, interpretation of BNP levels may be more complicated in acute HF decompensated event in which changes of renal function is diverse. Even though the confounding of renal insufficiency, BNP levels were thought to be valuable in diagnosing HF and establishing prognosis in patients with renal insufficiency (3, 5) . However, the optimum cutpoint for BNP to diagnose HF may be various according to the degree of renal insufficiency and especially greater than in normal renal function suggesting a wide range of values. Moreover, BNP levels may be dependent on volume-related factors in renal insufficiency (14) . These concerns make the use of BNP more difficult in acute HF patients with renal insufficiency.
sST2 is a soluble form of the protein ST2 which is an interleukin-1 receptor family member (9) . Circulating concentrations of sST2 are elevated in various clinical situations related to inflammation such as systemic lupus erythematosus, asthma, trauma, and septic shock (15, 16) . Furthermore, it is released in cardiovascular tissue in response to biomechanical overload in a similar way to BNP secretion (8) . Thus, this emerging biomarker has been investigated for the purpose of predicting prognosis. Studies have shown the prognostic role of sST2 in patients withchronic HF or acute myocardial infarction (9, 10) . In addition, previous data suggest that sST2 could be prognostically informative in patients with acute HF (17) . However, sST2 has not been examined in patients hospitalized with acute HF and combined with renal insufficiency, and there is limited information on their association with existing biomarkers such as BNP levels.
This study evaluated the change in circulating concentrations of sST2 with the degree of renal dysfunction and there were no differences in sST2 levels, even though BNP level was much higher in patients with severe renal insufficiency. A previous investigation showed that sST2 was elevated in chronic kidney disease patients and correlated with disease severity (18) . However, this study did not assess cardiac function. Thus, unmeasured cardiac function may confound the association between sST2 levels and severity of renal insufficiency. Controversy still exists regarding the change of sST2 levels according to renal insufficiency. Nevertheless, recent data demonstrated that sST2 levels were not influenced by renal function and its prognostic value was also preserved in chronic HF patients with renal insufficiency (11) . Surprisingly, the study results were in close agreement with our results in terms of independency of sST2 levels by renal function and the usefulness for prognosis prediction. However, our study included patients hospitalized with acute HF in which renal function may be changed more dynamically. Besides, we measured both sST2 and BNP levels at two timepoints to estimate their prognostic values in different clinical situations. Our results showed that sST2 levels at discharge were more useful to predict short-term clinical events.
There have been some reports about the role of sST2 in patients hospitalized with acute HF. Rehman and colleagues showed that sST2 at presentation strongly predicted mortality and had synergistic effects with natriuretic peptides (17) . Moreover, a few studies investigated the role of serial sampling of sST2 in patients with acute HF. Boisot and colleagues measured sST2 up to 6 days between admission and discharge and showed that a rise in sST2 was related with worst short-term outcomes, independent of natriuretic peptide levels (19) . Recently, Breithardt and colleagues showed the change of sST2 levels during the first 48 hr after admission was associated with mortality (20) . These results were different from our results highlighting the role of sST2 at discharge. However, data from serial sampling equally indicated that a considerable amount of sST2 at admission changed at discharge and eventually less decrease in sST2 levels during hospitalization was associated with poorer outcomes. Actually, sST2 levels at presentation may be more affected by active inflammation from decompensated HF than at discharge. Besides, mechanical strain of cardiac tissues may be more prominent at admission, especially in patients with severe renal insufficiency because they are usually more vulnerable to volume overload. Therefore, sST2 levels at discharge may reflect hemodynamic stability and decrease in LV filling pressure after acute treatment and predict prognosis more powerfully than sST2 levels at admission or BNP levels. Even though the usefulness of sST2-guided therapy for acute decompensated HF with renal insufficiency is yet to be determined, sST2 levels at discharge may be valuable because it could give reference values for next readmission compared with sST2 levels at presentation.
The number of patients in the study population was relatively small and consisted of subjects from a single center. Thus, small number of subjects may make the role of sST2 statistically insignificant in patients with severe renal insufficiency. In addition, serial measurement of sST2 levels at outpatient department may be more helpful to compare the prognostic power in those patients. However, it may be a field of chronic HF and already shown in a recent study (11) . Moreover, it was not analyzed whether patients with renal insufficiency already have chronic kidney disease before hospitalization or not. It may be unavoidable because some patients were diagnosed as de novo HF.
In conclusion, the current study documented that sST2 levels were not affected by renal function compared with BNP in patients hospitalized with acute HF. The measurement of sST2 levels at discharge can be helpful in predicting short-term outcomes in acute decompensated HF patients with renal insufficiency suggesting its informative role compared with BNP levels.
